The copyright of individual parts of the supplement might differ from the CC BY 4.0 License. Figure S1 . Calculation of the Environmental Lapse Rate (ELR, ºC/m) by means of ordinary least square regressions from temperature and elevation variations (∆elevation and ∆MMAT or ∆MAAT) between the low and high elevation observatories listed in Table S1 (data from Gonzalez-Hidalgo et al., 2015; Observatorio del cambio global de Sierra Nevada, 2019; Spanish National Weather Agency -AEMet Open Data, 2019; Staudt et al., 2007) . MMAT (Monthly Mean Air Temperature) MAAT (Mean Annual Air Temperature). (a) raw ∆MMAT vs ∆elevation data (all observatories vs Sierra Nevada observatories); (b) mean ∆MMAT vs ∆elevation data grouped by elevation (all observatories vs Sierra Nevada observatories); (c) raw ∆MAAT vs ∆elevation data (all observatories vs Sierra Nevada observatories); (d) mean ∆MAAT vs ∆elevation data grouped by elevation (all observatories vs Sierra Nevada observatories); (e) raw ∆MMAT vs ∆elevation (Sevilla observatory vs Sierra Nevada observatories); (f) mean ∆MMAT vs ∆elevation (mean data grouped by elevation: Sevilla observatory vs Sierra Nevada observatories); (g) raw ∆MAAT vs ∆elevation (Sevilla observatory vs Sierra Nevada observatories); (h) mean ∆MAAT vs ∆elevation (mean data grouped by elevation: Sevilla observatory vs Sierra Nevada observatories); (i) raw ∆MMAT vs ∆elevation from (Madrid observatory vs Sierra Nevada observatories); (j) mean ∆MMAT vs ∆elevation (mean data grouped by elevation: Madrid observatory vs Sierra Nevada observatories); (k) raw ∆MAAT vs ∆elevation (Madrid observatory vs Sierra Nevada observatories); (l) mean ∆MAAT vs ∆elevation (mean data grouped by elevation: Madrid observatory vs Sierra Nevada observatories). The obtained ERLs (ranging from 0.0058ºC/m to 0.0069ºC/m) are certainly close to the global mean ERL (~0.0065ºC/m) (International Civil Aviation Organization, 1993), showing that the different calculations are in agreement with the global temperature-elevation gradients.
Correlation by means of ordinary least square regression between Sevilla monthly air temperatures and those from Cetursa 5 observatory (3020 masl). (b) Correlations by means of ordinary least square regression between Madrid monthly air temperatures and those from Cetursa 5 observatory (3020 masl) (data from Gonzalez-Hidalgo et al., 2015;  Observatorio del cambio global de Sierra Nevada, 2019; Spanish National Weather Agency -AEMet Open Data, 2019; Staudt et al., 2007) . Figure S3 . LDI-temperature calibraton (ordinary least square regression) for each of the reference temperture time-series at 3020 masl from 1908 to 2008. Figure S4 . Comparison between the reconstructed mean annual air temperatures (MAAT) from both short and long LdRS records obtained from the different LCD-based temperature calibrations: 1) the LDI temperature calibration (Eq. 2: Fig. 3 ) along with its maximum and minimum range of vatiation from individual LDI-calibrations (grey shade), and 2) the MLR calibrations 1, 2 and 3 ( Figure S5 . Comparison by means of box-plot diagrams of the distribution of the relative abundances of the main LCDs from different sources and those form LdRS. Literature data from lake sediments (Rampen et al., 2014a) , algal cultures (Rampen et al., 2014a) , marine sediments (de Bar et al., 2016; Lattaud et al., 2017a; Rampen et al., 2014b; Rampen et al., 2012) , river sediments/inputs (de Bar et al., 2016; Lattaud et al., 2017b) , river particulate organic matter (Lattaud et al., 2018) . (Hammer et al., 2001) in the raw data of these variables showed a p>0.05 pointing towards no linear trends; therefore, no transformation has been applied. Supplementary Table S5 . ∆temperature between Madrid and Sevilla observatories and Cetursa5 (at the same elevation as LdRS, 3020 masl) calculated using different approaches: 1) using equation from Fig. S1b from the mean values between ∆MMAT and ∆elev among all the studied low elevation observatories vs those from high elevation areas; 2) the same as the previous one but with the ∆MAAT (equation from Fig. S1d) ; 3) using equations from Fig. S1f and j (Sevilla-Madrid respectively) from the mean values between ∆MMAT and ∆elev of Sevilla or Madrid observatories respectively vs those from high elevation areas; 4) the same as the previous one but with the ∆MAAT (equations from Fig. S1h and l) ; 5) real ∆MMAT between Sevilla or Madrid observatories and Cetursa 5 observatory (3020 masl); 6) the same as the previous one but with the ∆MAAT. C28 1,13-diol C30 1,15-diol C30 1,13-diol C32 1,15- Supplementary Table S8 . Comparison between the different statistics of the potential LCD-based temperature calibrations computed by means of multiple linear regressions and the reference temperature time-series at 3020 masl for the last ~100 years. The obtained calibration equations are: Supplementary Table S9 . Results of the Mann-Whitney U test that has been performed to identify the differences between individual isomers from LdRS and those from other sources. Literature data from: lake sediments (Rampen et al., 2014a) , algal cultures (Rampen et al., 2014a) , marine sediments (de Bar et al., 2016; Lattaud et al., 2017a; Rampen et al., 2014b; Rampen et al., 2012) , river sediments/inputs (de Bar et al., 2016; Lattaud et al., 2017b) , river particulate organic matter (Lattaud et al., 2018) . Significant level for the differences between LdRS and other source groups: *** p < 0.001; ** 0. Supplementary Table S10 . Pearson correlations (normal and detrended) between the LDI record from the LdRS short core and different proxies for solar and volcanic forcing, North Atlantic modes, greenhouse gases, and temperatures. Normal correlations show long-term trends. Data were standardised (z-scores), normalised (squares) and a Mann-Kendall trend test was performed using PAST software (Hammer et al., 2001) in order to assess the existence of any trend over time in the data series. Afterwards, data were detrended by fitting a linear regression versus time, and a Pearson correlation was worked out with the residuals. *: Note that inverse global volcanic forcing values have been used in order to show the same trends as in Fig. 5 . Solar Proxies: ∆TSI, reconstruction of the difference of the total solar irradiance from the value of the PMOD composite series during the solar cycle minimum of the year 1986 CE (1365.57 W m -2 ) (Steinhilber et al., 2009 ); TSI, total solar Irradiance (Coddington et al., 2016) . Volcanic proxies: Annual stratospheric volcanic sulfate aerosol injection for the past 1500 years in the North Hemisphere and worldwide (Gao et al., 2008) ; global volcanic aerosol forcing (W m -2 ) (Sigl et al., 2015) . North Atlantic modes: NAO, North Atlantic Oscillation reconstruction (Trouet et al., 2009) ; AMO, Atlantic Multidecadal Oscillation reconstruction (Mann et al., 2009 ). Greenhouse gases: Reconstructed concentrations of atmospheric CO2, NO2, and CH4 (ppm) (Schmidt et al., 2011) . Temperatures: Composite-plus-scaling (CPS) mean summer temperature anomaly reconstruction from tree rings records in Europe with respect to 1974-2003 CE (MSTA ºC) (Luterbacher et al., 2016) ; U K' 37derived SSTs from the marine record in the Gulf of Lion (NW Mediterranean Sea) (Sicre et al., 2016) , and global land and sea surface (GLSS) mean annual temperature anomalies with respect to 1979-2008 CE (Hansen et al., 2010) . Supplementary Table S11 . Pearson correlations (normal and detrended) between the LDI record from the LdRS long core and different proxies for solar and volcanic forcing, North Atlantic modes, greenhouse gases, and temperatures. Normal correlations show long-term trends. Data were standardised (z-scores), normalised (squares), and a Mann-Kendall trend test was performed using PAST software (Hammer et al., 2001) in order to assess the existence of any trend over time in the data series. Afterwards, data were detrended by fitting a linear regression versus time, and a Pearson correlation was worked out with the residuals. *: Note that inverse ∆ 14 C and global volcanic forcing values have been used in order to show the same trends as in Fig. 6 . Solar Proxies: ∆ 14 C (Reimer et al., 2013) ; ∆TSI, reconstruction of the difference of the total solar irradiance from the value of the PMOD composite series during the solar cycle minimum of the year 1986 CE (1365.57 W m -2 ) (Steinhilber et al., 2009) ; TSI, total solar irradiance (Coddington et al., 2016) . Volcanic proxies: Annual stratospheric volcanic sulfate aerosol injection for the past 1500 years in the North Hemisphere, and worldwide (Gao et al., 2008) ; global volcanic aerosol forcing (W m -2 ) (Sigl et al., 2015) . North Atlantic modes: NAO, North Atlantic Oscillation reconstruction (Trouet et al., 2009 ); AMO, Atlantic Multidecadal Oscillation reconstruction (Mann et al., 2009 ). Greenhouse gases: Reconstructed concentrations of atmospheric CO2, NO2, and CH4 (ppm) (Schmidt et al., 2011) . Supplementary Table S12 . Pearson correlations between the reconstructed tempertures in the LdRS shc from MLR calibrations 1, 2, and 3 and different proxies for solar and volcanic forcing, North Atlantic modes, greenhouse gases, and temperatures. Note that inverse global volcanic forcing values have been used in order to show the same trends as in Fig. 5 . Proxy explanation as in Supplementary Table S10 . Supplementary Table S13 . Pearson correlations between recontructed tempertures in the LdRS lgc from calibrations 1, 2, and 3 and different proxies for solar and volcanic forcing, North Atlantic modes, greenhouse gases, and temperatures. Note that inverse ∆ 14 C and global volcanic forcing values have been used in order to show the same trends as in Fig. 6 . Proxy explanation as in Supplementary Table S11 .
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